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SYMBOLS 





"у. 


pw w = mean; enter of buoyancy. 
EN - ~dloek coeftherent. 

BM - transverse metacentric radius. 

D E абы on section. 

G - center of gravity. 

GM - transverse metacentric height. 


GZ - righting arm. 


Ho Draft. 


I - transverse moment of inertia of waterplane. 

K - keel point. 

AB - vertical distance from keel to center of buoyancy. 
KG - vertical distance from keel to center of gravity. 


> X length of ship; z. a parameter usea in Taylor's 
Mathematical Lines. 


l - longitudinal coefficient. 
, 1 
m - 'midship section coefficfent. 


р - waterline coefficient. 


O 
i 


angle of inclination. 





SYMBOLS (cont.) 


Additional symbols appearing only in Appendix B are: 


PO 
81 


Jb 


acceleration of the curve at the bow or stern. 
acceleration of the curve at the midship section. 
flare of the unit ship. 

flare of the actual ship. 

section coefficient for zero flare, 

section coefficient, 2. 
deadrise coefficient, 

slope of the acceleration curve, 
bow or stern tengent. 


fraction of the midship beam, 





I. SUMMARY 


A. Object: 

The object of thís M co cepa was to сэв, а’ more 
accurate and convert АЕ — nod than 1s currently available 
for predicting the Curve of Statical Stability from preliminary 
design information. | | | 
В. Method: | 

Te orlê al обесе of this investigation was to 
continue the study made by Kelley, et al. (Ref, 3.) and | 
Randall, et al. (Ref. 4.). A series of ید‎ (5) hulls 
(Hulls A to H, incl, ) had been developed, 438 лм аг: 
for values of GZ/B had been performed for Húlls' A Фо E ine 
““Clusive. Integration of hulls б 866 ፪ was completed by' the 


au tho PS, | : ^. À 


After و اریہ‎ of integration data fob the eight 
‘hulls was completed, a study of the parameters effecting: 
Statical stability was made, Mathematical. ‘analysis indicated 
(=) (5) ) ano @ as the major variables. It was also тесов- እ. 
nized that (2) and the. form of the above-water body цаг 8 | 


considerable. effect. 


Attempts to plot the integrated results of Hulls A to H 


` 


in form of contours of GZ/B against the selected variables 


revealed the fact that the eight hulls were not geometrically 
"cereo! C x. 
. It was TRUM са that, a truly geometrically «aer 
^ ^4dveope OQ Cons r V TZ G و‎ 41207 : 
series, must be developed in order to provide accurate contours. 


4 


t 


! 





- 


witn recognition of the need for a related family, tne 
authors made studies which would allow the most logical 
selection of the parent and which would provide knowledge of 
the proper method for the expansion of that parent into a 
family of hulls. The coefficients of the parent are such 
that they represent the mean of those used in.normal 89:6 8896 
and Naval hulls. Transformation of the parend wae made by 
giving equal numerical change in the block and waterplane 
coefficients while holding the midship coefficient constant. 
Tas 018,0 of a six (6) hull family whose 
values o£ round cover the range of normal hulls. The 
sectional area and waterplane curves, and the actual sections, 
of the hulls were developed througn use of Taylor's Mathe- 
matical Lines (hef. ö.). | 

A study of tue effects of variation of B/H on statical 
stability was also performed.  Tnis indicated that the hulls 
should be integrated for B/H values of 2.25 to 3.75. It was 
iO concluded that inslinaticns of 0, 15, መሪህ, 40, 50, WU 
70, and 80 degrees should be used to provide accurate Statical 
Stability cuves and to Bue: tne normal range in which the 
designer is Interested: 

Since this thesis is only a phase of a long-range project, 
it is considered imperative that a rigid outline be given for 
tne use of tnose who may choose to continue the investigation. 


The following recommendations are made: 





Integration of Hulls 20 to % inclusive 18 to Бе 


performed with the following variation of the 


parameters: 
B/H = pee, 2250722:75, 352890, O.29m 6.50, Garo 
DB = ИВ 1.60.80, №0 


ጋ -. o, 15, 30, 40, 50, 60, 70 DEGREES. 
Tais will provide values of GZ/B. 
After compilation, tne values of GZ/B are to be 


ó 
plottod as contours using (2-] os the abscissae and 


2 as tne ordinate. Contour sheets will be drawn 


` for constant values of B/H and D/H. Thus twenty- 


four ker ach Y valve 
eight sheets of contours will be prepared, A 


Plotting of the contours wii] indicate whethM&r ше 
six hulls already develoned will provide accurate 
contours. It may be necessary to develop additional ! 


hulls to introduce additional points. 


With comrletion of the contour sheets, statical 


stability curves snould be developed for a number 
of vessels of various types. This will allow con- 
parison with the actual 0 stability curves 
of tne vessels and will provide indication as to 
the accuracy of the contours. 

Finally, a study should be performed of the effects 
of variation of the above water body. This may 
allow correction for varying flare and shear to 


be introduced, 





It is firmly believed that the contours developed in 
this manner will provide the designer with a means of quan- . 
titative analysis of the statical stability of a ship while 
in the preliminary design stage and will also provide а. 


visual means for qualitative study of the subject. 





II. INTRODUCTION. 


In" the preliminary design of a vessel it is desirable 
Зо determine the characteristics of the Statical Stability 
Gurve. At the present time this is possible only -after 
delineating the lines of the vessel. ‘Normally the righting 
= are determined from integration of the body plan for 
various angles of inclination. | 

ል method leading to the selection of hull coefficients 
glving desirable stability characteristics, along with Taylor's 
metnod (Ref. 1. m predicting hull resistance, would mater- 
48117 aid the- designer. Selection on this basis would yield 
coefficients, representing the most desirable balance between 
| resistance and stability, | 

Tne ышар of prediction of statical stability has' been 
under constant investicaticn, The Ad. ich obtained do not 
consistently predict the statical stability with sufficient 
accuracy for use, 5& methods nave been developed giving 
fair results for & particular type of .vessel alone, gu cannot 
be. utilized for nullis which depart radically “trem” this type. 

Le FaPmcntier,.(Ref, 2.) و‎ si a method in which 


т 


righting arms are determined from tables. However this 
method also requires 'the delineation of lines ‘of ር سب‎ 
| This investigation, in the early stage, followed _the 
line of thought established by Kelley, et. al. (Ref. 3.) 

and Randall, et al, (Ref. 4.) Analysis of the. data obtained 


revealed an inconsistency ín the variation of the coefficients 


of the hulls previously developed, The coefficiénts selected 


Or 


"i IM 
> 


* - 


by the previous investigators vere found to have produced 
unrelatéd hull forms. For this reason the data could not 
be correlated. 

The authors concluded trat null forms must of necessity 
be truly related in order that tne data obtained night be 
Barre جو لا‎ and plotted in useful form. This led to a study 
of the inter-relation of null coefficients, and the method 
of variation o? the coefficients to provide a suitable 


family of hulls. 





III. FROCEDURE. 


Cuiwes o? Statical о ум Geterminec fer Helis 
G anc H, the offsets of Which were set forth in Reference 4, 
moc metnod used for the integration was as outlined in that 
mer erence. 
ነ Eu order to plot the data in useful form it was necessary 
to determine the basic parameters. From a mathematical 
analysis, (Appendix A.) utilizing Atwood's equation for 
ПИСАВ пс агт (Ref. 5.) tne basic "+0 were found to be 
E) (2) ANQ Ө. In adcition, it was obvious that (5) 
and the form of the above-water body had a considerable effect. 

Using the data from назе A town inc lls رف‎ contours of 
constant GZ/B were plotted against (E) and © for constant 
values or(Z Jans a given value of (5). The ess ob- 
tained, Figure VII, substantiated the selection -of the param- 
eters, However, these contours demonstrated tne need for a 
related family of nulls in order to obtain fair and con- 
sistent contours. | 

The first step in the development of the family of 
related hulls was an analysis of the coefficients of form 
actually used in normal ships to determine the range of each 
and the inter-relation of the various coefficients. This 
was achieved by plotting values of (b) vs. (p) for actual 
vessels to establish the field applicable. (Figures VIII 
and IX.) Curves of constant (vere superimposed for the 


purpose ot determining the required range of this parameter. 





The variation of (b) with change in (p) was determined for 
Merchant and Naval vessels. Also the variation of (b) with 
enhance in (р) мез determined for a geometrically developed 
Series. 

A parent null Waspselected with dué, consideration for 
the proper range of tne coefficients. Taylor's Mathematical 
Lines (ref. 6.) were used in the development of the body 
plans. Tnis method was selected in that reasonable hull 
forms, bearing a definite family relationsnip, could be 
Geweloped witneut maving to Meira complete wet of lines. 

Six (5) hulls were developed within tne selected range 
эг coefficients, The usriatlion of tHe соо ев was 
٣۰۰۰۶۰۱98 Со yield equal increments of a tnat the 


contours could be most conveniently plotted. 


гд. 
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V. DISCUSSION Cr nESULTS, RECOMMENDATIONS 


AND CONCLUSIONS. 


The results of this investigation are presented in 
Section IV. in tabular and graphic form. 

Tables cf GZ/B for Hulls б апа Н, апа Statical Stability 
curves for these hulls, were developed for the purpose of 
conpleting tne original series. (Ref. 3 and 4.) 

Tne matnematical derivation of GZ/B, as presented in 
Appendix A, led to the selection of e] (S ) амо Ф, (2) 
as the basic parameters. The integrated values of GZ/B were 
plottec for Hulls A to H inclusive as shown in Fig. VII. 
These contours indicated a general trend which substantiated 
the selection of the parameters. 

An attempt was also made to plot contours of GZ/B vs. ዎ 
And ርጋ ዎ represented the calculated value of GZ/B obtained 
ren Equation (2). This was considered unsatisfactory аз 
smooth 00060188 were not obtained. 

A Mindy of@ene contours cevelopnec, кіс И, Tea tota 
eorslusson that the deviation of the curves from the plotted 
points was ade to tne fact that the hulls developed were 
actually PARA. The value of the midship section coef- 
ficient (m) had not been held constant for all vessels, which 
is a базіс requirement for related Bulls, For als Are 
inclusive, (p), tne waterplane coefficient, had been held 
constant, thus stifling the effect of one of the Major 


variables. 





— 


The inter-relationship of (p) and (b) as actually used 
in Merchant and Naval vessels was next investigated. For each 
tyre it was ma that tne variation of (b) with variation of 
(р) Боге а 1.5 to l relationship. “nus a 0.10 increase in (p) 
is normally 77? bysa 0,158 incre SE nabo. 

curves of constant (F) wero superimposed uron tne above 
plot. This indicated a normal range or (E) from 0,60 to 
ENS. A parent hull was selected 9 (Z) vane of (o TEE 
(Hull 40.) This placed the parent near the center of the 
field. The "family line" was taken to give an equal varia- 
tion of (p) witn variation of (b). Tais relationship must be 
neld since a geometrically developed series has this char- 
Sameristic, 

A study of the effect of (B/H) was next made. Curves 
of variation of G/B wita В/Н fer constant D/H and Ө values 
Were plotted foro typical hull. (Fig.X) "This indicates 
that 67/8 does not vary linearly with change in (B/H). It 
was decidel that increments of (B/E) equal to 0.25 would 
provide nearly linesr interpolation when using the contours. 
Tae range of (B/H) necessary for tne study was selected to 
be 2295 to 5.28. This rangé is considemed to сотег 811 normal 
ee ano corresponds to the range used by Taylor for resis- 
ER purposes. Ref. 1.) | 

Figures ሂ፲ to XIV were plotted to provide ewidence that 
GZ/5 varies linearly with D/H. Also, it is noted that the 
effect on GZ/B of change in (m), for constant values of (p), 
is, minor. @ study of Re@ults, Group IV. of Ref, 4 confanmeg 


selection of (p) as a major variable, 


"ےک 





Aull Famlly: 


The parent hull selected was expanded to provide a 
series of six (6) related hulls through use of Taylor's 
Mathematical Lines (Ref. 6 and 7.) as described ‚in Appendix 
B. These calculations produced ordinates for Sectional 
Area and Waterplane Curves, Figs. XXI and XXII. Offsets 
for these curves are tabulated in Tables X and XI. That 
a Е. family relationship exísts can be clearly ê read 
the вэ. 

The calculations next produced offsets for body plan 
sections. Tnese are tabulated in Tables IV to IX for Hulls 
20 to 70 inclusive. It was found that the роду TE Qw 
veloped p. these offsets, Figures XV to XX inclusive, 
required very little fairing. Tnis Meveloped the body plan 
to the waterline. Development of the above-water body plans 
was performed in a manner to retain the proper relationship 
between hulls. (Appendix B) | 

Integration of these body plans, in the manner outlined 
in Reference 4, will produce values of GZ/B for various angles 
ог Стат Өй. 

Gonclueions: 

Conclusions to be drawn from tne investigation are as 
follows: * 
le In any study involwing the effects Of change din parisbles 
it is necessery to determine the principal parameters, The 


parameters then must,be varied ln a controlled manner. With 
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recognition that the midship sectíon coefficient (m) has 


little bearing on statical stability, it is possible to 
£= r= . 
derive and utilize a geometrically simiter series of hulis 


to study statical stability. 


A “Taylor's Mathematical Lines furnish a convenient and 
relatively quick means for development of hull forms in 
which the coefficients of fineness can be controlled to 


related 
produce a geometrically etmiter series. - 


| 8. Values of GZ/B obtained from integration of a proper 


rela ha a 
geometrically eier series can be plotted as usable con- 


| "COUPS asing @ and & as abscissae and ordinate respec- 


tively. Contour plots would be drawn for constant values 


of B/H and D/H. 1 = 


Recommendations: 
1. an integration of Hulls £0 to 70 inclusive should be 
performed and resulting values of GZ/B be plotted as Coni. 


tours as previously described, 
2. During the integration tne values of B/H snould be varied 
in increments of 0.25 with the range from 2.25 to, 3,75. 
5. During integration, angles of inclination HA be taken 
as follows: | 

‚ О, 15, 50, 40, 50, 60, "70, 80 degrees. 
4. (D/H) values should be taken as 

lados O, 11.80, 2790. 


2. If, when plotting contours, it is found necessary to 


u 3 
develop Aulls with intermediate values of (Z ) tais snould 





Bewaone im accordance with the method described In Appendix B, 
Тае hulls are numbered using a decimal system to allow free- 
form in interposing additional hulls, 

fee it is recognized that flare and shear will effect statical 
etabllity. In this investigation no consideration nas been 
given to shear, but reasonable flare nas been introduced in 
the develorrient of the hulls. It is recommended that a 
sensrate study ve made of tae effects of flare and shear, 

ano that correction curves for application tig the Basic con- 
tours bé prepared. 

T. nen contours are finally plotted, Statiteal Stepvility 
Curves should be developed for hulls of various types to 

test the accuracy of tne developed curves when compared with 


the actual Statical Stability Curves of tnese vessels. 
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፪ ፡  - APPENDIX A. 


MATHEMATICAL ANALYSIS OF 





in order to determine the basic parameters effecting the 
statical stability of a vessel a mathematical analysis of 
(52/8) was developed. Tbe dede pn eii was TE on Atwood's 


Бао 416: for righting arms (Refterenct в). 






BZ = Vx th, _ BG SNO (Eo. 1) 
MEVA 

| „мы: - WL, ት 
U = Volume oF ONE WEDGE. $ 


М = TOTAL VOLUME or 
342 PLACEMENT OF VES SEL. 


Cther: symbols are as indicated in the 


Sketch and in tne Table of Symbols. 
z 
(225) TAN © (27 سے‎ 
Vs AL/B.H. | : | QAM 


аа аа. SSO, መሩ ። 
Kk, = = Д (Fe) cos ወ (E) > (5 d “ዘራ ©) 


(8) E (ENE 2)- 3 عفن‎ wo (£a.2) 


Moorish's approximate formula for the distance of B 
above the base line, Equation 3, was used, (Reference m. 
25 5 + (= እ የጨ v.) (£e. з.) 
М, ho ህክ ا‎ is the volume of r EG mean ний Н. 


A is the area of the corresponding waterline, 


бо 





7HuS - Va ሪኃረ መሠ ጋዬ een 


Substitution in Equation 5 gives: 


| 2 | 
KB =» M(E- 3%) 


ብ... 28 - XB ИС. 4.) 
For this investigation KG is taxen as H, 
Ms — L > 4. 
THEN — BG e н- КӘ “Alé з») 
5 Be A a E = ё.) 


SUBSTITUTING IN 2-4 e. | | 
52)- | 5(ቼ)(5)- (ሄቨመ=ሄ”] («з 


eFactors influencing initial stability were next considered. 


OM =, TRANSVERSE METACENTRIC EADIWS = ( Р 
ГА 
3 
Z=, Z 23 
3 / я Xx. 


CONSIDERING 4 MEAN RECTANGLE — 


== > = CONSTANT. 
у ( J mers 


г- S (PS, ¿l? V- 448. 


Z (é < mtu) 


I ለሻ “ይመነ 47 (ЕД) (29.6) 
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Appearance of tne parameters (ZZ ] ana (2) in Equations 

End (6) indicates the importance of thesb in the control 
| ine maenitudemof tne righting arms. In the derivation of 
Atwood's expression the assumption is made that the immersed 
апа emerged wedges areo of equal volume. Thus, tie effects 
of (D/H) are not included in the derivation and this varia- 
ble snoulc be addec to the list of parameters. 

In addition, attempts were made to determine equatigns 
which would develop curves representing sections having half- 
breacth (BP) at draft (H) and having tne additional quality 
of including an area whose integration over the length of 
the повел woald déyelop tne total volume of the VE Sse 
The section would then represent a mean of all sections of 
tne véssel. The original intention was ба develop an equa- 
tion which „ould be possible o£ бо cor for values of 
Ө to ñlve risating roments of tne emerged “ий. 

Waile an equation allowing integration for values of 


C was not developed, аг interesting developrent for values 


of (<2) resulted. 
yz 
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Calculation of KB/H using Moorish's Formula, Equation 4,' 
» ` ጫ = Y r | | 
and the Exponential form, Equation 8, led to the follow- 
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AFFENDIR В. 


SPECIFIC APPLICATION OF TAYLOR'S MATHEMATICAL LINES. 


Taylor's, Mathematical Lines were used in the develop- 
ment of the Series of related hulls. As the general appli- 
cation of the method is completely described in Reference (€), 
lT $hose featurés of the method directly effecting the 
development of the hulls will be discussed. The discussion 


will follow the chronological use of the development. 


Development of the Sectional Area Curve: 

At tnis stage of tne development the fineness coefficients 
(b), (p), (1), and (m) are known. From a study of the basic 
reference and of Appendix A of Reference 3, use of the fol- 


lowing equations was justified. 


X, = (40 - 6o Á ) ^ (6o n) 


Z = (o — -2 - => 7 (ee. 72) 


A, may be either positive or negative. However, it is ob- 
Pious tast the values of (t) must always be greater than 

zero Tor A related series. In the Cévelopment Gf ‘the Series, 
Hull 20 had such fine coefficients as to result in a negative 
(t). In this case the ordinates of. the Sectional Area сёй 
were obtained from graphical transforration of the Sectional 
Area Curve of Hull 30. i 


X, was taken as zero in all caleulations. This is considered 


consistent with the nature of the curves at the midship section. 
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-The above decisions made it possible to compute the 


Фа: Лиз of the Sectional Area Curves of the 3-1 


€ 
ç 


form used and a sample calculation for the Parent Hull (40) 
(3 ہیں‎ in the Appendix, Table XII. 


p" n 


| Development of the Materpinüp Curves: 


ግሬ 


{The half-breadths of tne waterplane. curves were calcu- 


° lated! im éxactly the same manner as the ordinates of the 


ን 


| Sectional Area Curve. Values of Ас. however, are in this 
case substituted for (1) as shown in the Equations (11) 


and (12). 
4 АМ | „Ж їг 


"Development, of the Constants for Sections: - 
3 Tae tite t step in, the determination - the Constants 
4 


ዬ. 


| Гог. жай сй was establishrent of ‚che Мыса of determina 


tion of flare (f) and the Dead Rise ta 2 . The 





Seelen Coefficient, mg, is defined as Equation 


Pod page 47, of Reference (6) relates uM К» (ma). 
І. ох - З. 
ዳ 0.50) = = 1) О Ка Lu ал, 
ጮ éox*— 8ox +30 
х, as used in this equation, is the point in the curve at 
whieh. inflection occurs. The authors considered that’ to 
' have the inflection at the waterline would yield curves most 
nearly approaching the nature of normal ship sections., Thus, 


substituting X=1 in the above equation, we find: 


E зт A, 77, | | я (ге. 73.) 


"It 1s seen that for values of m 





« greater than 0.80, the 


flare, (f), must be zero. ` 
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neference (6) gives tne following equations for my, the 
Section Coefficient with zero flare, and (R). 
277 


E 
E = 


o EM g (&e. 14.) 


> = = FE اھ‎ (EQ. 15.) 


Pizure 15 of Reference (6) presents a curve of (L) plotted 
ayainst mo. “ith tne above information the Constants for 
Sections can be calculatec. The form used and a sample 


Calculation is included, Table XIV. 


n,perbolic Sections: 


For Hyperbolic Sections 


ጣጫ. ፉ x + رم‎ fF Фх) (EQ. 16.) 


In tnis case x rerresents tne distance from tne baseline 

to the waterline ccncerned, and( х) 1s obtained from the 

contos plotted in Figure l5 gf HeferehcéA 7 For the hulls 

developed for integration the beam is 10 in@mes, In this case 
У = (=. %-%) (E017) 

Table XV of the Apnendix snows the form developed for ease 

in-ealculation of this ٤٤296:97" 30 6 (607. . 7 type 


ጌ 


of section was used in those cases where mag was greater than 


OEE 
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Fourth-Power Sections: 
For fine sections in which the value of m, was less 
than 0.72 tne Fourth-Power type of Section was used, In 


tais case 


g.-(Y- тм Е + RL) (Eq. 18.) 


- At), (FP), (L), and (Y) are constents. Tae calculation then 
only involves evaluation of the formula. The constants used 
are taxen from Table III of heference (6). Again, as in 

|! the Hyperbolic Sections, 

Y = (5 > qa" J2? 
Figure XVI of the Appendix shows the form used and a sample 


` Calculation. 


General: 

۹ i In the develorment of the equations used for prepara- 

| tion of the related series, the authors considered it imper- 

arime to provide a purely Bathernati ea! method. Thus, there 
wculd ds no requirerent foT the use of агб1їСгат ү 29168: 1оп, 
The development of tas body plans below the water line ful- 
fills tais objective, However, in the development of the 
boa, plan above the waterline, decision regarding the У | 
of flare nad to be made. The above-water body plan was 
drawn for Hull 40, the arent Hull, and thgough grapnical 
methods was transformed to complete the body plans of the 
other hulls of the series. The waterplane was drawn at the 


2.0 waterline and faired with the body plan. This curve 
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| d cn the waterline curves drawn for 
waterline. At eny section a norizontal line was er а 
the height of the 1.0 waterline of Hull 40, апа а 4س‎ 
— فو‎ line drawn at the height of the 1.0 waterline 
of the Hull concerned. A vertical line is next drawn through 
tne intersection of the first horizontal line and tne 2.0 
waterline for Hull 40. Intersection of tnis line and the 


second horizontal line locates a point on the 2.0 waterplane 


| 2 
of the Hull conserned. Development in this Бн а Г 


tne related nature of the hulls. 
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ZABLE XV 
AV V PER BOLIC SECTIONS 
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